systems, including those in the medical and healthcare communities. While medical informatics has developed as an independent area of research it is prudent for it to take cognizance of significant developments in related areas and, conversely, for those in related areas to learn from the experiences and thinking of those in medical informatics practice. The ideas in this paper have sprung from such a two-way exchange, between researchers in evidencebased healthcare (EBHC) and mainstream information systems. The case for the establishment of an evidence-based IS culture has been argued elsewhere [1] . In this paper we explore some of the differences between the two communities and some of the adaptations that these may necessitate. We present it to the medical informatics community for two reasons. First, attempts to improve general IS practice are likely to be of intrinsic interest to such a community and, secondly, because the community, with its greater awareness of evidence-based issues, has much to contribute to such an initiative.
Academic research in IS has only existed for around 30 years and for much of this time technological advances and their adoption by the wider community have often overtaken the research effort. Indeed, how to ensure the relevance of IS research without compromising its rigour [2] , has become an important issue in academic circles. In addition, innovative areas of IS use have emerged from the need of practitioners to meet the requirements of an increasingly computer-literate management and, in such situations, publication of such ideas can pre-date considered academic work by several years. For example, much of the most influential writing on data warehousing was produced by practitioners [3] some time before it was recognized as a legitimate area of academic research. Consequently, to gain a comprehensive and timely view of an IS area it is not generally sufficient to focus only on peerreviewed articles published in top journals. Quite aside from conference proceedings and other journals of varying quality, many interesting and challenging reports of IS practice exist in popular magazines and journals or are selfpublished on the World Wide Web. Given this situation, the need is pressing for systematic and integrative reviews that periodically collect, evaluate and synthesize both scholarship and experience 'in order to bring coherence and perspective to a problem area' [4] .
This need is also highlighted by the rapid growth not just in the amount of available information but the ease of that availability. It has been estimated that there were 800 million publicly accessible Web pages in February 1999 [5] and this number is growing rapidly. While
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A recurring and problematic characteristic of information systems' (IS) use has been the development of isolated 'islands of information'. As technological advances have provided solutions, so, however, have the original problems been transformed. The current archipelago exists largely unrecognized, partly because the matter from which the islands are formed has also changed. It is no longer the content of the computerized systems that is isolated but information about IS practice itself. Academic research, practitioner reports and vendor marketing all contribute to a disparate collection of contradictory and often unevaluated information concerning IS practice, while the large volume of this information and the ease of its accessibility serve to disguise the extent of its fragmentation.
Following the lead established by medicine and healthcare, the creation of an 'evidencebased' culture within the IS community, particularly the creation of systematic analyses of relevant literature, has been proposed as one means of bridging the gaps between these islands. There are, however, significant differences between IS and healthcare which need to be recognized if the transfer of concepts is to be successful. In this paper we identify and describe some of those differences and provide an initial sketch of a framework in which an evidence-based IS culture could flourish.
THE CONTEXT
The pervasive nature of information systems ensures that the quality of such systems is no longer the concern solely of IS managers but is a primary concern of many people across most organizations. Improvement in the quality of information systems practice will clearly be of benefit to all who rely on such the use of the Internet undoubtedly facilitates academic research, it has been recognized in many fields that, like many aspects of computerization, a powerful enabling tool also brings a number of unanticipated and complex problems. The need to harness the power of the Internet is being recognized as a major challenge of the next decade and it is incumbent on the IS community to be at the forefront of attempts to do so. By providing a means of bridging the gaps between IS research and practice and between isolated areas of research, the development of an evidence-based culture of IS (EBIS) would be one step towards meeting this challenge.
THE ARTIST'S IMPRESSION
The Internet, while contributing to the problem, is also fundamental to its solution as it is the means by which a collection of resources, superficially similar in concept to the Cochrane Collaboration, can be made available to the maximum number of people at the minimum expense. There are three major elements to this online resource. The primary element is a collection of critical appraisals of primary work covering both the latest findings of academic research and the current 'best-practice' thinking of practitioners across the broad spectrum of information systems issues. A second, but essential, element of the resource, available for browsing or for individual use, is the means by which such work is appraised and evaluated. The final major element is a register of primary research and innovative practice that is currently in progress. This online resource, modifiable, updatable and accessible to public critical review, is the resource of first choice for any IS professional or academic who requires a reliable, comprehensive and up-to-date view of a specific IS issue.
The picture painted here clearly represents an ideal and perhaps unachievable vision. Nevertheless, the principles which underlie it are sound, as evidence-based healthcare has demonstrated, and the process of building the framework to support the vision offers, in itself, a number of benefits including the development of critical appraisal guidelines and literature search strategies.
ENVIRONMENTAL ISSUES
There are a number of differences in the environments inhabited by healthcare and IS, and elements of evidence-based culture will require modification to accommodate these. Those differences which are most likely to impact on the development of a methodology for the systematic review of IS publications are discussed here. IS does not have an established body of research that has been steadily accumulating over a long period of time, with a concomitant research framework and vocabulary. Instead the range of accepted research methods extends across a broad spectrum of paradigms taken from both scientific and social science disciplines. Indeed, rather than one research method being accepted as superior per se, some methods are considered to be more appropriate to certain types of research questions than others [6] . A 'hierarchy of evidence' which placed randomized controlled trials and cohort studies near the top and expert opinion at the bottom, as the medical hierarchies do, is unlikely to be of much practical use in the IS field. Consequently the creation of several 'hierarchies of evidence' relevant to specific types of research questions is a high priority.
An essential element in the development of the information systems field is the innovative work undertaken by practitioners, which often puts their work well ahead of their academic counterparts. Systematic reviews of available evidence which ignore or undervalue such contributions will fail to provide the full benefit of this approach. Although practice reports written by practitioners are unlikely to display the rigour of academic research, they may nevertheless contain interesting and significant results. Rather than dismissing such work as 'not proven', the development of guidelines for its critical appraisal should be possible. The criteria for such assessment may well need to be different from that used for academic work and may also be difficult to determine. However, its importance clearly requires that determined efforts should be made to establish a mechanism whereby this valuable resource is brought into the 'evidence-based' arena.
Undoubtedly other differences, for example the greater separation between academic research and professional practice that exists in IS, will need to be considered more fully as EBIS matures. Attempting to identify all such differences at this early stage is, however, unlikely to be possible or productive.
THE FOUNDATIONS
The foundations for this framework thus require the integration of two primary ingre- From EBHC comes several templates: the first is the framework of international cooperation and co-ordination, the second is the framework for the conduct of systematic reviews, which includes the construction of critical appraisal guidelines and the concept of 'hierarchies of evidence', and the third is the framework within which evaluated studies are made accessible for comment by the wider community.
The Cochrane Collaboration provides the obvious template for a successful international network. In particular, the organization of different types of international groups, such as 'collaborative review groups' which are committed to reviewing and evaluating work in a specific domain, and 'methods groups' specializing in advice, support and development of guidelines within specific methodological areas, are crucial to the successful growth of an evidence-based culture. It is not feasible to expect such groups to be created immediately, nor is it necessary. However, the need and the intention to see such groups develop, and the facilitation of their creation when a critical mass of interest is achieved, is an important component of the initial strategy.
An essential component of EBHC has been the production and maintenance of systematic reviews, to 'efficiently integrate existing information and provide data for rational decision making' [7] . Systematic reviews are produced by a means of a prescriptive formal methodology which aims to eradicate systemic and random errors. They integrate potentially unmanageable amounts of information and through critical exploration, evaluation and synthesis combine sound and salient studies that are worthy of reflection. The existing methodology for EBHC systematic reviews will provide the starting point for the development of a similar methodology for IS.
Another important element in the growing acceptance of EBHC has been the ability for interested parties to comment on the results of systematic reviews and research evaluations and for the authors to respond. These discussions, summaries of which are published on the Web and are readily accessible via the Cochrane online network, encourage a useful ongoing debate and help to ensure that the resource remains dynamic.
The wide range of IS interest areas has resulted in a growing number of acceptable research methods. Each of these has different quality criteria which have been developed within their own disciplines of origin. These will provide the basis for the development of critical appraisal guidelines against which the systematic reviews and evaluations will be judged. Some methods which made an early transition to IS already have well-accepted guidelines for use and assessment. Others, however, particularly those relating to qualitative research methods, have yet to be fully explored in the IS context and further studies such as that of Klein and Myers [8] are needed. While the requirement to develop good evaluation strategies specific to the needs of IS is undoubtedly a challenge, it should anyway be a central concern of the IS research community.
THE INITIAL DESIGN
The initial design blueprint must then focus on the development of a revised methodology for the systematic review of the relevant literature, the establishment of appropriate critical appraisal guidelines and the training of users of this methodology and these guidelines.
An appropriate systematic review methodology
The formal EBHC systematic review methodology provides a useful starting point for the development of a similar framework for EBIS. The principle structure of the process, that is, the formulation of the question, the searching of the literature, the assessment of studies for inclusion as well as exclusion, and the combination of their findings where possible, is unlikely to require much, if any, alteration. However, the details within those activities most certainly will.
Search strategies specific to IS, encompassing both traditional and electronic media and academic and non-academic sources, will need to be constructed and there would undoubtedly be potential in a specialized IS search engine for locating Web-based materials. Unlike the healthcare community, which has online databases such as MEDLINE as starting points, the reports of IS research are widely dispersed and while useful bibliographic databases do exist, they are by no means as extensive or as comprehensive as those available to medical researchers. Literature searching will thus be hampered both by the lack of established, specialized IS bibliographic resources as well as the lack of an entrenched and commonly agreed vocabulary of IS terms. In this situation, however, the need for effective search strategies is emphasized and it may be appropriate to tailor search strategies for different types of research activities, partly to address the varying research designs and partly to address the scope of the question under consideration.
Those aspects related to the assessment of 'validity of findings' and 'quality of studies', particularly the hierarchies of evidence, are unlikely to be suitable for the review of IS research and practice. Hierarchies of evidence allow for the grouping of study designs according to their validity or to the degree of bias to which they are susceptible and thus 'indicate which studies should be given most weight in a synthesis' [9] . In medicine, welldesigned randomized controlled trials (RCTs) are generally placed at the top of the order of primary research and observational studies and expert opinion at the bottom. There are few, if any, true examples of controlled trials in IS research; indeed it is probable that many IS studies would come from the lower levels of such a hierarchy. Nevertheless, the development of hierarchies of evidence, which rank research and weight its results on the basis (among other things) of the study design, is necessary. While a case study or a piece of action research can never be as unbiased or as unprejudiced as a randomized controlled trial, well-conducted research of this kind may be as, if not more, informative than a poorly designed RCT. As Galliers [2] has pointed out, different forms of research activity are appropriate to different types of research question and therefore a variety of 'hierarchies', specific to a particular type of question, are likely to be required. Consequently, the acceptance of a taxonomy of research methods to research questions will be required in order to facilitate the creation of hierarchies appropriate to the question and its preferred research methodology. While a complex requirement in itself, the difficulty of this activity will be compounded by the need to create equivalent structures for the review of IS practice.
Once the question has been clearly formulated and the appropriate hierarchies of evidence and relevant literature identified, the findings from the acceptable studies need to be summarized and combined where possible. While many reviews will be concerned only with academic research or with IS practice, there will be occasions when it will be most useful to consider both within the one review. Provision for this and guidelines for how it may best be done will need to be developed.
Clearly, the development of the details of a systematic review methodology will require careful thought and considered input from experienced IS researchers and it is not envisioned that a definitive methodology will be developed prior to its use. Indeed, it is important that such methodology refinement would become an area of ongoing research.
Critical appraisal guidelines
There is little purpose, however, in establishing a methodological framework if there are no clear guidelines by which the studies are to be critically reviewed. Some excellent guidelines exist for the kinds of studies that have been commonly the subject of clinical systematic reviews [10] [11] and there is ongoing work on guidelines for other types of research. However, given the broad range of research methods that are used within IS, this is not likely to be sufficient. Fundamental to the success of any formal systematic review of IS work will be the existence of appraisal guidelines for a variety of research methods. There is already a slowly growing interest in these areas among IS researchers and some useful work has been done [6] [8] [12] [13] . The need to construct such guidelines will focus attention in this area, which is likely, in itself, to benefit the wider IS research community.
RESEARCHERS TRAINED IN SYSTEMATIC REVIEW TECHNIQUES
Finally, it is not sufficient to have just a methodology or appraisal guidelines in place; reviewers have to be trained in their use. All reviewers would need to be trained in the use of the methodology. There are several ways in which this training could be undertaken; short courses, Web-based training, the production of 'handbooks', etc., but perhaps the most effective, at least initially, is likely to be a form of informal 'apprenticeship' whereby less experienced researchers work alongside their more experienced colleagues -perhaps in 'cyberspace'. Certainly, the concept of peer co-operation is a recommended element of the NHS methodology, where, for example, it is recognized that subjective measures need to be assessed by more than one reviewer in order to eliminate some of the more obvious elements of reviewer bias. The nature of much IS research will emphasize this need.
One important aspect to be considered when discussing the training and use of specifically trained reviewers is the nature of 124 Health Informatics Journal the tasks that they will be asked to undertake. Systematic reviewers are, above all, methodologists, experts in the area of the methodology and not necessarily in the IS issue that is the subject of the review. Like the application of the critical appraisal guidelines, the combining and the evaluation of the evidential findings is undertaken according to predefined guidelines. While the use of reviewers with a good knowledge of the issue under scrutiny may at first seem attractive, it can be argued that the use of methodologists 'ignorant' of the problem domain may help to minimize reviewer bias. The need for domain experts is, of course, required at various stages in the systematic review process, for example in correctly scoping the question, in reviewing the extent of the literature search and ultimately in validating the final review, and such experts will play a significant role in the review panel. For those actually conducting the review, however, a thorough understanding of the methodology is more important than a deep knowledge of the domain.
THE SCAFFOLDING
Before building work can begin on the initial design a certain amount of scaffolding is required, the most important element of which is a co-ordination mechanism. It is the intention that EBIS would eventually become the responsibility of an independently funded group, perhaps under the auspices of one of the existing international IS networks. In the meantime, the Centre for Information Systems Research and Development at Massey University in New Zealand will meet a number of the initial needs. These include the provision and maintenance of a Web presence for EBIS, the maintenance of a 'register of interest' and a register of ongoing EBIS projects and initiatives.
It is also clearly essential to produce an initial review framework, including prototype appraisal guidelines in order that pilot reviews can be undertaken. Rather than attempting to produce a complete taxonomy or a comprehensive set of such guidelines, it is likely that a more productive approach will be to focus just on those required by a specific question. In this way a full set of guidelines can be incrementally and iteratively achieved. In order to make progress on these issues, the early creation of a systematic review method group is required. The authors are keen to work in this area and would be interested to hear from others who might wish to contribute. Once this work is underway, it will become possible to initiate the first pilot systematic review(s) of IS.
The final element of this scaffolding is a comprehensive assessment of currently available and usable resources. There is a large amount of existing information and a number of existing structures that could and should be utilized wherever possible. A major requirement would be to identify and classify all potential sources of IS 'evidence', including both evaluated and non-evaluated resources published in any media. This should not be confined to English language resources but should also include where possible those published in other languages. The various international networks also need to be identified to investigate if and how they could contribute to EBIS.
CONCLUSION
In this paper we have continued the exploration of the concept of evidence-based information systems. We have sketched an impression of one means of bridging the gaps between current information islands, particularly those of academic research and professional practice. We have also begun to sketch the outline of the more detailed design blueprint by highlighting three important differences between the healthcare and IS communities; that is, the broad range of research methods appropriate to information systems, the important contribution that IS practice has to make in pushing the boundaries of IS knowledge and the difficulties inherent in accessing the relevant literature. While there is much that can be transferred directly from EBHC to EBIS, these identified differences require modifications or refinements to be made. We believe that the most pressing need is the development of critical appraisal guidelines for the various research designs that are used within the information systems field and the construction of appropriate 'hierarchies of evidence' for both academic and non-academic work. Finally, we have identified some of the elements required initially to support the building of an EBIS culture and we invite anyone who has either an interest in this initiative, experience in EBHC or both, to join us, if not on the construction site then at least in the architect's office. 
This paper was presented at the Making Medical

